The goal of this study was to compare the rate of cerebral microembolization during carotid artery stenting (CAS) with proximal versus distal cerebral protection in patients with high-risk, lipid-rich plaque.
Results
Patients in the MO.MA group had higher percentage diameter stenosis (89 Ϯ 6% vs. 86 Ϯ 5%, p ϭ 0.027) and rate of ulcerated plaque (35% vs. 
Conclusions
In patients with high-risk, lipid-rich plaque undergoing CAS, MO.MA led to significantly lower microembolization as assessed by using MES counts. Despite the lack of randomized controlled trials, cerebral protection appears to have reduced neurological complications during carotid artery stenting (CAS) (1, 2) . However, distal protection with filters did not fully prevent embolic complications. Potential reasons include unprotected lesion crossing, suboptimal apposition of the device to the arterial wall, emboli smaller than filter porous size, and loss of debris during filter recapture. These limitations have been confirmed by previous studies with diffusion-weighted magnetic resonance imaging (DW-MRI), which revealed a 37% mean rate of post-CAS new embolic lesions, mainly silent and ipsilateral (3) .
Proximal endovascular occlusion (PEO) is an alternative approach that uses balloons to occlude both the external carotid artery (ECA) and common carotid artery (CCA) leading to blood flow arrest in the target internal carotid artery (ICA). This technique may provide better protection during all procedural steps and may be particularly indicated for lesions at high risk of embolization, such as those with high lipid content and irregular surfaces (4, 5) . Potential drawbacks of PEO are patient intolerance to occlusion, balloon-induced ECA dissection, and the need for a large sheath (8-F/9-F). Favorable results have been reported in nonrandomized studies and single-center experiences with 30-day stroke and death rates as low as 1.4% (6 -9) . Moreover, a lower rate of microembolic signals (MES) with proximal occlusion compared with filter protection has been demonstrated with transcranial Doppler (TCD) in unselected patients undergoing CAS (10) . Thus, the aim of this study was to randomly compare PEO versus filter protection during CAS in patients with lipid-rich stenosis deemed at potential high risk of embolic complications.
Methods
Study patients. From February 2009 to March 2010, a total of 120 consecutive patients were scheduled for CAS because of carotid artery stenosis Ն50% (according to Doppler ultrasound) in symptomatic patients and Ն75% in asymptomatic patients. Fifty-three patients had a lipid-rich plaque at computed tomography angiography (CTA) defined as a plaque with Յ50 Hounsfield units (HU) (11, 12) and were enrolled into the study and randomly assigned to receive distal protection using the FilterWire EZ (Boston Scientific Corporation, Santa Clara, California) (n ϭ 27) or proximal protection with the MO.MA system (Invatec, Roncadelle, Brescia, Italy) (n ϭ 26). Exclusion criteria were: myocardial infarction 72 h before CAS, major neurological deficit (scores on the National Institutes of Health stroke scale Յ15 or the modified Rankin Scale Ͼ3), stroke or retinal embolism within 1 month before the index procedure, contralateral ICA occlusion, severe disease of the ipsilateral ECA, and intracranial stenosis of the ipsilateral CCA requiring treatment.
The carotid Wallstent (Boston Scientific Corporation) was used in all patients. The study endpoint was the MES load, as a surrogate of cerebral embolization, assessed by TCD during CAS.
Informed written consent was given by all patients, and the protocol was approved by the local ethical committee. CAS protocol. In the FilterWire EZ group, the device was positioned in the distal ICA through a standard guide/sheath. The MO.MA (9-F in 19 patients and 8-F in 7 patients) was positioned in the CCA with the single marker of the distal balloon located in the ECA, aiming at fully excluding all side branches. After ECA occlusion was confirmed by using contrast injection, the CCA balloon was inflated. A second injection of contrast in the CCA was performed to test proximal occlusion to look for contrast stagnation. Clinical status and hemodynamic parameters (ICA back pressure) were monitored for 30 s. If occlusion intolerance did not occur, a 0.014-inch guide wire was advanced through the lesion and positioned in the distal ICA. Pre-dilation was left to the operator's discretion and performed with 4.0 ϫ 40 mm coronary balloons. After deployment, all stents were dilated with a 5.0 or 5.5 mm Sterling balloon (Boston Scientific Corporation). FilterWire EZ was retrieved through a 4.3-F dedicated catheter; in the MO.MA group, aspiration of 60 ml of blood was performed through the guiding catheter and, if no debris was found in the last basket, the occlusion balloon was deflated. An additional 20 ml of blood aspiration was performed if debris were found in the last basket.
All patients were treated with aspirin 100 mg/day plus clopidogrel 75 mg/day or ticlopidine 250 mg for at least 10 days before CAS and 1 month afterward. Statins were given to all patients (81% were receiving statins before study enrollment). During CAS, patients received intravenous heparin (5,000 U) to maintain the activated clotting time Ͼ250 s. Atropine (0.5 to 1 mg) was injected intravenously immediately before stent dilation.
In all patients, a neurological examination was conducted by a neurologist before and after CAS and at 30 days. Computed tomography angiography. Scanning was performed with a 64-slice multidetector computed tomography (CT) scan (VCT XT, GE Medical System, Milwaukee, Wisconsin). Image datasets were analyzed using volumerendering, multiplanar reconstruction and vessel analysis software. Carotid stenosis severity and composition were assessed using magnified cross-sectional CT images obtained at the most severe narrowing site. Their density was measured in HU using a fixed pixel lens averaging 3 measurements. A lesion with Յ50 HU was defined as a lipid-rich plaque (11) (12) (13) . Transcranial Doppler. Two 2-MHz transducers connected to TCD equipment (MultiDop T, DWL, Sipplingen, Germany) fitted on a headband and placed on the temporal bone window were used for bilateral continuous measurement of flow velocity in the ipsilateral M1 segment of the middle cerebral artery and contralateral A1 segment of the anterior cerebral artery. Assessment of MES was carried out from the ipsilateral middle cerebral artery, whereas flow velocity assessment of the contralateral anterior cerebral artery was used for detecting activation of the collateral pathway via the anterior communicating artery during proximal occlusion. Assessment of MES was performed in the ipsilateral middle cerebral artery (14, 15) during the following CAS steps: 1) lesion crossing with the FilterWire EZ or with a standard 0.014-inch wire in the MO.MA group after CCA occlusion; 2) lesion pre-dilation; 3) lesion crossing with the stent; 4) stent deployment; were considered significant, unless otherwise specified. All analyses were performed using SAS version 9.13 (SAS Institute Inc., Cary, North Carolina).
Results
Patients' clinical characteristics are reported in Table 1 . The only difference in clinical variables was a significantly higher rate of hypertension in the filter group. Lesion characteristics and CAS procedural variables are reported in Table 2 and Figure 1 . In the MO.MA group, CTA showed a higher stenosis area (89% vs. 86%; p ϭ 0.027) by using the ECST method and rate of ulcerated plaque (7.4% vs. 35%; p ϭ 0.019). Technical success (Ͻ30% post-CAS diameter stenosis) was achieved in all patients. (Fig. 2) .
By multivariate analysis, the type of embolic protection was the only significant independent predictor of the mean number of MES (Table 4) . Patients in the MO.MA group had an estimated 80% reduction in total MES number compared with the FilterWire EZ group (-81.7 [95% confidence interval: -88.6 to -70.7]; p Ͻ 0.0001).
In the MO.MA group, carotid vessel anatomy did not allow for inflation of the ECA balloon proximal to the superior thyroid artery (STA) in 22 of 26 patients, 31% of whom had residual flow from the ECA into the ICA as demonstrated by using contrast injection (Fig. 3) . No Values are mean Ϯ SD, mean Ϯ SD (range), or n (%). *Procedural time defined as the time interval between guide/sheath positioning below the bifurcation and its retrieval. CTA ϭ computed tomography angiography; ECST ϭ European Carotid Surgery Trial; EDV ϭ end-diastolic velocity; MLA ϭ minimal lumen area; MLD ϭ minimal lumen diameter; NASCET ϭ North American Symptomatic Carotid Endarterectomy Trial; PSV ϭ peak systolic velocity. 
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No further lesions were detected at 1-month follow-up in either group. Thirty-eight new lesions were found in 9 of 21 patients (42.8%) in the filter group, while 7 new lesions were detected in 2 of 14 (14.3%) MO.MA group patients (Fisher exact test: p ϭ 0.14). Most (78%) of the new lesions occurred in the target vessel territory and were silent in all but 1 case. Forty-one of 45 (91.1%) lesions had a diameter Յ10 mm. The FilterWire EZ patient with retinal embolism had a negative DW-MRI study, whereas the patient with gait disorder showed bilateral lesions involving the anterior and posterior circulation.
Discussion
This is the first randomized study comparing 2 different brain protection devices in patients with high-risk, lipidrich lesions undergoing CAS. Plaque composition was assessed with CTA, and 50 HU was considered an established cutoff point for high lipid content (11, 12) . Given the low rate of clinically manifest embolic complications during CAS (1,2), the number of MES detected by TCD was used as a surrogate of cerebral embolization. The Wallstent was used in all patients to standardize treatment strategy and reduce confusing factors. This stent was chosen because of its closed design with the smallest cell area that may achieve better lesion coverage and reduce plaque prolapse. Our study found that CAS with PEO was associated with a significantly lower MES rate compared with the FilterWire EZ, suggesting better brain protection. The
Patients With Detectable MES During the Different Phases of CAS Values are n (%). *Pre-dilation: n ϭ 7 patients in the FilterWire EZ group and n ϭ 10 in the MO.MA group. CAS ϭ carotid artery stenting; MES ϭ microembolic signals.
Figure 2 MES Counts During Carotid Stenting Phases
The median and interquartile range of each phase microembolic signals (MES) count are reported in the MO.MA group (green box plots) and in the FilterWire EZ group (red box plots). Statistical significance is indicated for each phase. dep't ϭ deployment. Evaluated by using multivariate analysis of covariance. *Lesion length, lesion eccentricity, and percentage diameter stenosis were assessed using computed tomography angiography. HSR ϭ high surgical risk; LSR ϭ low surgical risk; other abbreviations as in Tables 2 and 3 .
Predictors of Total MES
MES count was significantly lower with PEO in phases 1 through 4, similar in both groups in phase 2, and significantly lower in the filter group in phase 6. Lesion crossing. If a filter is used, lesion crossing with a standard coronary wire or the device itself is performed without any protection. This method may be associated with a substantial embolization risk, especially in tight and soft/ulcerated plaques (17, 18) . The finding that MES number in the FilterWire EZ group was similar to that reported in unprotected CAS or in CAS performed with different distal protection devices (10,19 -21) confirms that this phase is a clear source of embolization. On the contrary, PEO has the advantage of significantly reducing risk before any device is advanced through the lesion. This may explain the significantly lower number of MES in the MO.MA group compared with the FilterWire EZ group. Stent deployment and dilation. Previous TCD studies showed that stent deployment and dilation are the steps with higher embolization risk (10,19 -21 (10, 20) . This finding may be due to improvement in the filter design. Lesion pre-dilation. Lesion pre-dilation is performed in 30% to 70% of CAS procedures (2) and is generally preferred in cases of severe stenosis and calcified vessel to facilitate stent crossing and deployment. This phase has also been shown to be at risk of embolization (19 -21) . Only a trend in favor of the MO.MA was found during this phase, which may be due to the small number of patients receiving balloon pre-dilation in both groups. Device retrieval/deflation. Differently from the other CAS phases, device retrieval/deflation was associated with a significantly higher MES count in the MO.MA group and a surprisingly small number of MES in the FilterWire EZ group. A similar trend, although not statistically significant, was reported by Schmidt et al. (10); Ribo et al. (22) described short clusters of microemboli at balloon deflation. Potential explanations include suboptimal debris aspiration before balloon deflation, atherosclerotic disease of the common carotid artery at the site of balloon inflation, and "washout" of plaque debris prolapsing through the stent at the time of blood flow restoration. Role of ECA exclusion. Occlusion of the ECA by balloon inflation is a key step of PEO. Parodi et al. (23) reported that when the CCA only was occluded, ICA flow from the ECA was observed in most patients, potentially leading to debris embolization. Because the STA is the first ECA branch, the balloon should be inflated before its take-off to achieve ECA exclusion. In this study, STA was not excluded in 84% of cases because it took off from the ECA ostium or distal CCA (24) . Indeed, angiography demonstrated residual flow from STA to ICA in 30% of these cases. However, neither significant MES during CAS nor 
